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SOLUTIONS:

Exercise 1

(i) 0, =0, +0, +05;.

(ii) Al.iBU. =A,B,, +A,B,, +A,;B;+ A4, B, +A4,,B,, + A,;B,; + A, B;, + A,, B, + A, B, .
(ii7) For i=1 et j=1, 0,,=Mg;, e, te ) 2ue,, .

For i=1etj=2, o,=2ueE,, .

In the same manner we can write the other terms for (i,j) =(2,2), (3,3),(1,3),(3,1), (2,1),
(2,3),3.2).

. 0'F O°F  9°F 0OF
@@v) = + + .
Ox,0x, Ox,0x, 0Ox,0x, Ox,0x,

(v) Note that,
do, + do,, + Jo,

+b, =0.
ox, Ox, Ox,
Thus, for i =1 we have,
0o, N 0o, N 0o, +h =0.

ox, Ox, Ox,
Similar expressions are obtained for i =2, 3.
Exercise 2
(i) 0,=0,,+0, +9;; =3

(i) 51,51; = 511511 +§1{§§+513513/
+52¢z +0y,0,, + 523%
+0,18;, + 05,045 + 05303,
=0; =0,
= 511511 + 522522 + 533533
=3.
(iti) 6,4, = 0,4 + 0,4y + 6,45, = A4,

y
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Exercise 3:

Given that the indices in every term are all dummy indices and that the order of x; is not

important, all terms are equivalent. We can write successively,

( Uk jlk lkj )x X

=P x

X +P”kxxxk+P XXX

ikj i

= P,,kx x;x, +Pb, xx,x, + Pq}squsxr

= F:jkx XX + Rnnpxmxnxp + R]rv‘qur'xv

=3P, XX, X,.

Exercise 4:

. orT, . .
Use the divergence, or Gauss theorem: J'a—’kd V= I nT, ds with T, =x, we can write,
X, LA

[ xn,ds = j%dl/ =5, [dv =5
Q

o0Q Q J

Exercise 5:

oT,
Use the divergence theorem: I—’kd V= J. nT, ds.
o O, o
Note that b=V xu in component form is b, =¢&,u, ;. Thus, with T, = 1b, = L¢,,u, ;we have
Ay +81../.k/1ukjji)dV .

ijk”",

Ini (/ley.kukjj)dS = I%V :jey.kﬁ(luk] dV I &

oQ Q i Q

Because u, ; is symmetric, the second term in the integrand is zeo. Thus, we have,

[ (2eyu, ;) ds =[(4,6)dv .
Q

oQ

Exercise 6: Using index notation we can write,

(a). w- LTy = u; (LT),

1m

w-L'v = u; (LT),

1m

Um = uiLmiUm = Lmiui@m = (Lu * U)

Uy = Ui Lpi Uy = U Loy = (U : Lu)

i"m”7m”j m m”i7j
or, (u®v)(a®b)=(vla)(u®b).
Note that (v[kz) is a scalar and can be placed before or after the dyadic product.

(b) [(u®v)(a®b)] =uv,ab. =v aub, —[(v[kz)(u®b)lj
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Exercise 7:

In a general manner we can write,
= 1 1
—AyL”—E(AyLy +4,L;) = 5 (A;L,+A4,L,)

Note that since the terms is a scalar we can swap the indices in the second term. Using the

symmetry of 4, we can write,

1 1
’IZE(AU.LIJ. +4,L ):5 A’j (LU +Lﬂ)

i
By definition we have, L; =(L,+L;) / 2 andthus, 4,L,=4,L, .
Exercise 8:
Define 4;,=x,x,. Then 4, are the components of the symmetric tensor,

A=x®x,

Using the conclusion of the previous exercise, we see that the quantratic form,

1 1
xlx=Lxx, = E(Ll.x.x. +L,xx)=—xx,(L,+L,)=xxL;

[/ /A JiT 2 [/

does not change if L is replaced by L' .

Execise 9:

08 g O g B A4S xS A AAx=AxtAx =(A+A

a_ ii%xj ijxi%_ i Ou; T AyX; Oy = A X, T Ay Xy = A X, jkxj_( ki /’k)xj
oS

:a:(Aij—}_Aji)xj'

1

Ox;
R (4,+4,)5, =A,+4,=4,+A4,.

k

When 4, = 4. With the symmetry we have, 24,x, and 24;.
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